The research aimed at assessing the influence of alloying elements, such as Al, Si, Ni, Pb and Bi on the chosen alloys of Cu-Zn. Microstructures were examined with the use of optical and scanning microscopy with X-ray microanalysis. The properties of the received alloys were determined with regard to changes in the mechanical parameters, namely R m , A 5 , HB, also, machinability changes were assessed as well as proclivity to hot fracturing of Cu-Zn alloys with additives of lead and bismuth. The results indicate the possibility of obtaining very high mechanical properties: R m up to 700 MPa, hardness within the range of 130-180 HB and A 5 from 3 to 30%. Also, in the case of the researched alloys, the machining and hot fracturing results look promising. Keywords: Cu-Zn alloys, mechanical properties, technological properties, alloying additives
Introduction
Among metal alloys used in casting a very important group consists of copper alloys. Depending on the additions, these alloys can be divided into bronzes and brasses. Brasses, which are the alloys of copper with zinc as the main alloying element, constitute one of the most important groups. In many cases brasses have properties resembling those of bronzes and are their cheaper, but equivalent substitutes. To all intents and purposes, all copper alloys as-cast have soft and plastic matrix, which consists of solid solution crystallites. At their boundaries there are hardening phase elements in peritectic form or free intermetallic phases. By using the chosen alloying elements in optimal quantities it is possible to obtain the brasses with very high machining, technological and utility properties [1] [2] [3] [4] [5] .
Methodology and conditions of research
The results presented in this article were obtained as part of the research conducted at the Laboratory of Non-Ferrous Metals Foundry, at the Faculty of Foundry Engineering of the AGH in Krakow.
The melts were obtained from an induction furnace.
As the stock the following materials were used: -electrolytic cathodic copper in the form of plates, the minimum copper content of 99,99% according to PN-EN 1978, -electrolytic zinc Z1 according to PN EN 1179, -electrolytic aluminium AR1, according to PN EN 573-3, -electrolytic nickel 99,93, according to EN 10204 3.1.B, -initial alloys of CuNi10 and CuSi16, -refining bismuth and lead.
The prepared alloys were cast into metal moulds, taking care to preserve the conditions of melting and casting for the successive casts.
From the obtained experimental casts the samples were prepared for the planned research.
Metallographic tests were carried out with the help of optical and scanning microscopy, as well as chemical composition was tested, using, among other methods, Scanning Electron Microscopy with X-ray microanalysis (SEM-EDS). Machinability was determined with the help of Keep-Bauer method, also the susceptibility to hot fracturing of the chosen brasses with the addition of lead and bismuth was compared.
The research of aluminium-silicon-nickel brasses
In order to determine the influence of the chosen alloying elements in multicomponent brass, a succession of melts with determined content was planned. The planned and received content of the alloying additions is shown in Tables 1 and 2 .
In further part of the article, in Figures 1-8 , sample microstructures of the examined alloys are presented.
The microstructures of the CuZn34AlSiNi alloys with varied content of alloy additions presented in Figures 1-8 , show mainly the α phase precipitates against the background of β'. The changeability of the alloy content causes distinct changes in the microstructures, both with respect to the amount of α phase precipitates (distinctly seen comparing Figs 4 and 6) as well as to the size reduction of the β' phase (Fig. 7, sample M7) . Because of the complex composition of the alloys, the X-ray microanalysis was performed for the precipitates visible. The results of this examination are presented in Figures 9-10 and in Table 3 . Analysing the microanalysis results it can be noticed that the aluminium and silicon additions present in the alloy, to a small degree solve in the matrix. Greater amounts of these elements were discovered in the spherical precipitates with nickel as multicomponent phases of the NiSi or NiAl type. The presence of a significant amount of copper and zinc in the microanalysis results can be connected with the matrix influence, which consists mainly of zinc and copper (α + β' phase). This initial hypothesis concerning the kind of precipitates should be verified with the help of X-ray diffraction. Table 3 . Microanalysis results for points from sample M8 (Fig. 10) Analysing the results of the microstructure as well as the strength tests it can be concluded, that the varied amounts of the chosen alloying additions have evident influence on the microstructural elements causing, at the same time, a change in mechanical properties. Within the range of the used additions of aluminium, silicon and nickel it is possible to achieve alloys with hardness reaching 180 HB, plasticity -up to 30% and tensile strength -up to 700 MPa. Apart from mechanical properties an important role is played by the features which influence the machinability of a given alloy. In the further part of this article the machining properties of some chosen CuZn alloys are presented.
The influence of bismuth as an alloying element improving the machinability of brasses
As part of the research the bismuth influence was evaluated within the range of up to 4%, in the alloys with the microstructure from the boundary of the β'/γ phases. The melts were prepared, samples made, microscopy investigation was carried out and the hardness of the alloys in question was determined. The results of the microstructural investigations are presented in Figures 11-16 and in Table 5 .
Having completed the microstructural analysis and having recorded the changes, the tests of basic mechanical properties were conducted for the alloys researched. The results of these investigations are presented in Table 4 . Analysing the results of the bismuth addition on the microstructure and properties, it can be concluded that there is a slight decrease in the number of γ phase precipitates visible at the grain boundaries and size reduction of this phase inside the grains. The Figure of the sample surface (SE) definitely shows a uniform spacing of the spherical bismuth precipitates on the whole surface of the analysed sample. From the hardness changes graph (Fig. 17) it can be seen that after adding bismuth the hardness of the tested alloy decreases as the amount of Bi increases, reaching the value below 140 HB at 4% Bi.
The form and placement of bismuth in the microstructure of the brass analysed pointed to the validity of the further research in order to determine the influence of this addition on the machining properties.
The machinability assessment was conducted with the help of Keep-Bauer method, based on drilling a hole with constant advancing force. According to this method the machinability indicator is the time necessary for the drill's tip to cover a certain distance, or the other way round -the distance travelled by the drill's tip during a certain time. If the material being machined is not homogeneous or if the wear of the cutting edge is very intense then on the machining distance-time chart the angle pitch of the curve will undergo changes, in step with the changes in machining of the material. The tests were carried out with constant parameters: the drill bit Ø 5 mm -a new one for each sample, the rotational velocity of the drill's spindle 680 rpm, the advancing force -500 N. During the tests the shift of the drilling bit was recorded in time. The curves showing the drilling characteristics are shown in Figure 18 . The machinability tests conducted according to the method described, show a positive influence of bismuth additive in the CuZn52 alloys on the speed of hole drilling with a constant advancing force. At the same time it can be concluded, based on the research conducted, that bismuth addition above 2% does not significantly increase the cutting speed of the material tested.
From the point of view of machinig properties another important aspect is the form and shape of the chips produced during the machining process. Examples of chips created during our tests are shown in Figures 19-22 .
The conducted tests show that copper and zinc alloys are characterised by different kinds of chips created during the machining process. During drilling the brasses with α phase microstructure, long, tapered, helical chips are created (Fig. 19) . As the zinc content increases in the CuZn alloys, this is the alloys with β' and γ phase microstructure, short, tapered helical chips are produced. The bismuth additions used in our research caused length decrease of the helical chips, which facilitates removing them from the hole drilled and, at the same time, it reduces machining resistance. 
The analysis of hot tears
Hot fracturing occurs when an alloy solidifies; when it is in semi-solid state and individual solid state crystals grow together and their immediate contact is broken by a film of liquid alloy. The cast then has low strength and low plasticity, and, as a result, even slight hindering of the shrinkage can cause fracturing.
In order to determine bismuth influence on hot tear of the chosen brasses, research was carried out into the alloys with changed content of the main elements, with the addition of bismuth and lead. The samples were cast into a metal mould, inside which thermally insulating pads were placed (Fig. 23) . This kind of construction results in the fact that the stresses created in the solidifying cast create fractures in the middle section of the mould (Fig. 24 ) (the area with the isolating pads). 
Conclusions
The researched influence of the addition of aluminium, silicon and nickel in multicomponent brasses points to the possibilities of obtaining multicomponent alloys based on the CuZn matrix, characterised by very high mechanical properties. In the process of influencing the alloy properties, an important role is played by bismuth, as an alloying element. Based on the investigations carried out it can be concluded, that it improves the machinability of the CuZn alloys and, at the same time, it does not have negative impact with regard to hot tear of the alloys analysed.
The initial research of the CuZn34 and CuZn40 alloys, following the method described above, showed that bigger zinc contents in brass limit the occurrence of hot cracking. As the next stage, the influence of bismuth and, for comparison, lead additions was investigated for the CuZn34 alloy.
The received results do not show a significant influence of these elements on increasing the fracturability of the alloys examined.
The chosen surface figures with visible dendrites are shown in Figure 25 .
The received results do not show a significant contribution of the additions used towards the increase of hot fracturing of the alloys examined.
